Introduction
In this work, we investigate the effects of bosonic trilinear interactions in the process of resonant particle production after the inflationary phase. A trilinear interaction terms allow for the complete decay of the massive inflaton particles, which is necessary for the transition to radiation domination. We study a generic model for realistic inflation, motivated in particular by the warm inflation model, in which a scalar inflaton field φ can excite a heavy bosonic field χ which then decays into a light bosonic field σ. We study the consequences of dissipation and stochastic noise terms in the field equations of motion, typical of warm inflation models [1, 2] , for the phenomenon of parametric resonance during preheating. The effective equations of motion for the inflaton and the radiation field are obtained and shown to present self-consistent noise and dissipation terms. We found analytical solutions for these equations of motion. The equations exhibit the usual parametric resonance phenomenon, allowing for exponential amplification of the radiation modes inside the instability bands. In this work, we present the analytical and numerical results obtained to the dynamics equations found through the use of the formalism of quantum field theory in real time. We also study, numerically, the influence of fluctuations and dissipation on the dynamics during preheating with the trilinear interactions.
The Equations of Motion for Coupled Fields
We consider the model described by the Lagrangian density
the effective equation of motion for the inflaton field φ as well for the fluctuation field χ are given, respectively, by
where ξ(x) and η(x) are Gaussian stochastic noise terms with two-point correlation functions that can be expressed in terms of the C φ and C χ kernels appearing in these equations [3] . The equations for φ and χ are easily to be dealt with by taking the spacial Fourier transform for them. We then find, e.g., for Eq. (2):
Now, we take the time Fourier transformed of (4) and we obtain
whereΓ 0 (M 0 ) is the decay width of the φ field due to the decay channel φ → χ given by [1, 2] 
(6) We can determine now a expression for the effective equation of motion for the fluctuation field χ. Here, however, we cannot use the same approach of the previous case because now the frequency of oscillation is not constant, but it is time variable. In this case we use the approach developed in [4] where we find
The initial conditions are
and we find that the square of the amplitudes of χ − eχ − can be expressed in the form
With the results shown above, we can determine the evolution of the energy density of the χ-particle with wavenumber k. We have thaṫ
where we used Eq. (9) in the second line in (10), and in the third line of this same equation, we have considered the average of an oscillation period of the inflaton field φ. The first term corresponds to the usual resonant production due to inflaton decay, while the second term show us the decreasing of energy as a result of the decay of the χ particles. We can note that the energy density for the χ-particles with wavenumber k is reduced by a factor e −Γ χ t . If we sum over all k, we obtain the total energy density for the resonant production of χ-particles. The width of the bands of resonance is found to decrease because of dissipation, and it is given
we find the rate of the particle production to bė
In the derivation shown above, we have derived an analytical solution to the effective equation of motion for the χ-field taking into account only the case without fluctuations. Solutions for the case where the fluctuation (noise term) is included is a much more complicate problem. However, we can demonstrate, numerically, that the existence of stochastic terms in the field equations of motion do not affect qualitatively the resonance bands as predicted by the Matthieu equation in the absence of noise [5] . We present below the numerical results obtained for the effective equations of motion, from a 3D lattice simulation for the complete Langevin equations.
Numerical Results
Now we present the numerical results obtained trhough simulations in the lattice for the effective equation of motion. We consider three cases: for quadratic coupling, for trilinear coupling, in classical equations of motion and trilinear coupling with flutuation and dissipation. For all simulation shown here, we use the program Latticeasy [6, 7, 8] (a) (b) 
Conclusions
The results show that the fluctuation and dissipation terms can generate important differences, compared to the cases without dissipation or fluctuation terms in the effective equations of motion, regarding the process of ressonant particle productions. We have seen that dissipation tends to effectively reduce the rate of particle production and, thus, the amplitude for the resonant fields. In the results obtained, however, these effects were rather small, a consequence of taking perturbatively small values for the coupling constants, which are also required in order to produce stable numerical results for long enough time to lead to the effects of parametric resonance.
